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Xty X-y

X
X-y
11
5
299,59 13 99
X 99% 99% 1
1
1 99%
100 1,000 3,000 10,000 100,000
23.3% 7.4% 4.3% 2.3% 0.7%
99.5% 44.1% 13.9% 8.0% 4.4% 1.4%
99.5% 99%
14
11 1.0003 1.0002 1.0003-1.0002=0.0001
12 1
13 0 1 99.5%
14 10 100 10 2 1. A5 A-8
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15 .................................................................
16 1 99.5% 10,000
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4 a%
1
1 Excel
1 Excel
3 Excel
7 Rand
Visual Basic Rnd
Rand Rnd
18
19 2 Rnd

17 Excel o
18 X, =aX _;+c (mod m) acm

m

2 32 2% m
a=1,664,525 ¢=1,013,904,223 m=2% 4,294,967,296

19 Rnd Rand Microsoft Product Support Services

http://support.microsoft.com/support/kb/articles/Q86/5/23.ASP
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1,600

2 32,768=215 0 1
2 Excel
Rand 100
Rnd 1,600 2
2
1
MT  #
1 219,937_1 23
3
Excel
Rnd
3 16,777,216=22*  Rnd (X Y) = (X0 Xpq)s
n=1, 2,0y2%
20 400 40,000 1
1,600
Rnd 1,600
Rnd Rnd
21 16,777,216=2%4
22 2000  Matsumoto and Nishimura 1998
23
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2 2
2% 0.01 2% 0.01
0.01
0.009
0.008
0.007 |2
0.006
0.005
0.004 |
0.003
0.002
0.001 |«
o = Tna >
0 0.002 0.004 0.006 0.008 0.01 0 0.002 0.004 0.006
2 0.003 0.004 0.005 3.14159265...
4
4
MT MT MT
0.003 | 0.003 0.004 | 0.004 0.005 | 0.005
475 475 843 844 1,334 | 1,314
612 604 1,097 1,074 1,706 1,679
s 3.105 | 3.146 ||m 3.074 | 3.143 ||m 3.128 | 3.130
0.037 0.004 0.068 0.002 0.014 0.011
4
0,1 x 0,1
242 .................................................. Oxx ox (0 re D)
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{0,0,00 X {{z,, z,, z;},

{z, 25 zb M2, 5 2,4, 2 )}

1
2
2
{0, 0,0}
p3
1 3
X X X X X
2 X o o X X
1 o o o X x
(e} X X [e) X
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o x
5
2
Excel Rnd 0
3 1 1,000 32
27 28
27 10,000 32
28 1 1 2
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2
2
50
0 p 2
50 2 9
8 1,000 2
2 1 2 2
0.0310 0.0315 0.0000 0.0000 0.0000
0.0166 0.0000 0.0000 0.0330 0.0000
0.9216 0.0000 0.0000 1.8251 0.0000
0.1898 0.1885 0.1885 0.0000 0.0000
0.7238 0.7219 0.7219 1.4407 1.4804
220198 | 21.9398 | 21.9398 0.0000 0.0000
174.9651 | 172.1806 | 172.1806 | 347.4980 | 364.0808
9 1,000 2
2 1 2 2
0.0310 0.0317 0.0000 0.0000 0.0000
0.0156 0.0000 0.0000 0.0314 0.0000
0.9179 0.0000 0.0000 1.8460 0.0000
0.1980 0.1971 0.1971 0.0000 0.0000
0.7715 0.7800 0.7800 1.5612 1.5359
228521 | 22.6932 | 22.6932 0.0000 0.0000
186.7842 | 189.8804 | 189.8804 | 366.1678 | 375.0185
7
32,000 1,000 x 32 Excel
2
2
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10,000 32 11
10 10,000 2
2 1 2 2
0.0027 0.0027 0.0000 0.0000 0.0000
0.0014 0.0000 0.0000 0.0031 0.0000
0.0910 0.0000 0.0000 0.1865 0.0000
0.0184 0.0185 0.0185 0.0000 0.0000
0.0754 0.0748 0.0748 0.1464 0.1442
2.2769 2.2894 2.2894 0.0000 0.0000
6 20.3567 20.1835 20.1835 39.4367 38.6210
11 10,000 2
2 1 2 2
0.0035 0.0035 0.0000 0.0000 0.0000
0.0016 0.0000 0.0000 0.0031 0.0000
0.0902 0.0000 0.0000 0.1770 0.0000
0.0183 0.0183 0.0183 0.0000 0.0000
0.0738 0.0740 0.0740 0.1556 0.1556
2.2410 2.2394 2.2394 0.0000 0.0000
19.1936 19.2317 19.2317 39.9542 39.9449
2
320,000 10,000 x 32 Excel
3 VaR
VaR
1
1 0 1 {x,, x5, MIx}
{Xl' XZ’DEXK/Z} l {y]_! yzvmyk}
{xl, xz,[ﬂ}]] xk} 90% 95% 99% 99.5%

{XQO’ X95’ X99’ X99.5}

64 /2002.6




{y, vy, 0y} 90%  95%  99%  99.5%
{Yoor Yos Yoor Yoo 5!

100,000 100,000
08y 9% 089 Oo5 T30 Td5r T o Tdos
k =5,000 10,000 20,000 30,000
oYloX 12 13
12 oYyok
5,000 10,000 20,000 30,000
90% 94.5% 94.0% 93.7% 93.3%
95% 97.5% 97.3% 97.3% 96.7%
99% 99.4% 99.7% 99.3% 99.5%
99.5% 99.8% 99.5% 99.8% 99.9%
13 oyok
%
101.0
000 [ = m = mm e e g
9.0 [ rrmmeremere e
98.0 - rremrreeern e B D
7
Q7.0 fmmmmmmmm e
96.0 f--rrreeremreeeenan ly B
’
95.0 f---eensmeenes A —-%= 5000 |---eeeeeeeeeses
, --4-- 10,000
940 |-oememme iyl —-= 20,000 |--eeeeeeeeeees
—=— 30,000
9BL0 |- e
920 1 1 1
90% 95% 99% 99.5%
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100%
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29
1 2
32 100
1
2%
1
3,200
30
100 1,000 10,000 50
ATM
OT™M 2
29 .................................................................
3
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ATM

ATM 14
14 ATM
2 1 2 2
100 33.993 33.189 6.658 28.886 8.040
1,000 12,192 11.542 2.218 10.835 2.293
10,000 4.141 3.657 0.769 2.816 0.954
2 1 2 2
100 259.486 | 260.424 | 258.568 258.990 | 259.615
1,000 261.846 | 262.335 | 261.595 261.791 | 261.863
10,000 262.851 | 263.093 | 262.029 262.172 | 262.260
1 2 2
10,000 5.4 4.141+ 0.769
1 2
2
2
OTM
4,000 OT™M
15
15 O™
2 1 2 2
100 13.818 11.308 8.833 15.803 6.400
1,000 4575 3.955 3.128 5.410 1.974
10,000 1.694 1.267 0.992 1.618 0.644
2 1 2 2
100 43.481 44.109 42.853 42.916 39.741
1,000 43.749 44.084 43.816 44.280 44.236
10,000 44.788 44.904 44.609 44.485 44.500
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2
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1
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1
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5,000 30,000 1,000
1
90% 95% 99% 99.5%
16
16 1,000,000
18,000

16,000
14,000
12,000
10,000
8,000
6,000
4,000

2,000

-126

5,000 17 18
17 5,000
2 2 2
90% 2.04% 1.77% 1.16% 1.75% 1.08%
95% 1.96% 1.64% 1.28% 1.72% 1.03%
99% 2.40% 2.14% 1.96% 2.25% 1.76%
99.5% 2.89% 2.61% 2.45% 2.62% 2.25%
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18 5,000
2 1 2 2
90% 108.1% 93.6% 61.7% 92.8% 57.3%
95% 107.7% 90.2% 70.3% 94.9% 57.0%
99% 105.9% 94.4% 86.4% 99.0% 77.8%
99.5% 107.8% 97.6% 91.6% 97.8% 83.9%
30,000 19 20
19 30,000
2 1 2 2
90% 0.71% 0.61% 0.46% 0.71% 0.43%
95% 0.72% 0.59% 0.53% 0.72% 0.44%
99% 0.93% 0.85% 0.83% 0.93% 0.72%
99.5% 1.13% 1.05% 1.02% 1.13% 0.95%
20 30,000
2 1 2 2
90% 92.2% 78.8% 59.1% 92.1% 56.1%
95% 97.2% 79.8% 70.8% 97.4% 59.1%
99% 100.4% 92.1% 89.9% 100.5% 77.5%
99.5% 103.0% 96.3% 93.6% 103.5% 86.8%
2
33
35
33 32
34 VaR
35
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32

36

5,000 30,000

1,000

30,000,000

90% 99.5%

21

MTM
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21

1,000,000

60,000
50,000
40,000
30,000
20,000
10,000 i il
0 ..,%n...,.u.u.umnlnymlﬂlﬂllﬂlHlﬂlm”I”|H”||”H ||,|]|| ||
-495 -420 -345 -45
5,000 22 23
22 5,000
2 2 2
90% 1.77% 1.56% 1.27% 1.59% 1.18%
95% 2.07% 1.81% 1.50% 1.81% 1.26%
99% 2.79% 2.57% 2.43% 2.57% 2.16%
99.5% 3.35% 3.20% 3.08% 3.09% 2.81%
23 5,000
2 1 2 2
90% 88.3% 71.6% 90.1% 66.6%
95% 87.6% 72.8% 87.5% 60.8%
99% 92.1% 87.1% 92.2% 77.4%
99.5% 95.5% 92.2% 92.4% 84.1%
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30,000 24 25
24 30,000
2 12 2
90% 0.74% 0.69% 0.63% 0.75% 0.61%
95% 0.70% 0.61% 0.53% 0.69% 0.49%
99% 1.08% 1.01% 1.00% 1.10% 0.96%
99.5% 1.37% 1.30% 1.27% 1.38% 1.24%
25 30,000
2 12 2
90% 93.1% 84.6% 100.9% 82.4%
95% 86.7% 76.5% 98.7% 70.2%
99% 93.2% 92.3% 101.8% 88.6%
99.5% 94.6% 92.8% 100.7% 90.6%
2
5 2
95%
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10,000 30,000

40

26
26
2 2
10,000 20,000 30,000 10,000 20,000 30,000 10,000 20,000 30,000
8 2.0 4.0 6.0 8 2.6 53 7.8 8 133% 132% 131%
16 4.4 8.7 13.1 16 6.7 13.3 19.9 16 154% 153% 153%
32 10.8 21.6 32.4 32 20.6 40.2 61.4 32 191% 187% 189%
32
2
2
27
27 2 4
30,000
8 16 32
440 | 858 | 1751 x
1.74 | 6.86 | 27.39 2x
x 092 | 3.28 | 12.33 2x
012 | 0.22 0.45
0.66 | 1.01 3.71
2
2
40
41 2

27
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42

42 quasi random number

quasi Monte Carlo method

Traub and Werschulz 1998
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p(t, X,) X,
a(t, X))
P(t,x,)=E BBt x5 9(t. X dF (X, Al
0,1 Y X,
X =F 7 (y)
p(t, X)= [ g(tF*(y)) dy, A2
A-2
[ ot F ) dy=[ f (ay, A3
noy, Y, Oy, f(y;)
A(n) = %Z f(yp) A-4
1=1
p(t, X,) Y
n- o A(n)
1 p(t X) “
A(n)
(e 5 1 00 v BO)E {0y p( )], A5
fly) 2 A(n) Vvar[A(n)] 1/9n
1
100
E a
Pr{lA(n) -p(t, X,)|<€]=z 1-a, A-6
L -
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1
f 2(y) dy —pX(t,
N I (y) dy —p2(t, X )

ag?
£
2
VaR a%
%
)%( ~N a (1_G)
"nf (%)%
f (X) 44
(1-p)
0 5]
[ Xa=0Z(1p12)s Xat OZ(1 )]
Z(p)
VaR
VaR
.4.4 .................................................................

A-6 var[A(n)]/ e2<a

A-7
ale=2
n
A-8
o= ar[®] Qa
A-9
100p% a
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A(n) 1 A-5
c/3n
C
1~n
2 A-5
46
47
A-1
A-5 lim, o (/)3 f(y,)
lim, o (1/n) 31, 1(z) f@y) f(z)
2 {y, vy, @My} {z,z, Mz}
48
* A-3 f(y)
1 {y v, 0y} -1
{z), 2,2z}
{y, vy}
lim, o (1/n) 30,y
L
47 2000
48 A3 f(y) f(y) f(z) Y, 2z
49
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X
Y XY
Z= X-a(Y-E[Y])
50
51
1 2
1 2
1 A-2 g(t,Xx,)
52 —
{xl, x2,[|]1] xn} (=X 1 {Wl, WZ,DID Wn}
2
50
51 Curran 1994
52 A-1 F1
Moro 1995
Joy, Boyke, and Tan 1998
X
o (X)=(/v2m)[_ exp(-u?/2)du u=d(x)
an bn Cn
1 y=u-05
0 — 2 4 6 2 4 6 8
2 |y|=0.42 o7Y(u) =y (ag+ay +ayy +agy” )/ (1+b; y+byy +byy>+ byy°)
3 |y|>042 y>0.0 oM u)=co+3 &, c,z" r=1.0-u y<0.0
W) = ~(co+3 8¢,z r=u z=log(-log(r))
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Aimo%znlg(t,xi):Atngo%ig(t,vq): pt, X,)

. L og(t, % t,w,
n'LrEl%._ 9( x);g( W'):p(t,xt),

var BX) ; g(t'W)E= %(var[g(t,x)] +var [g(t,W)]

+2cov[g(t, X),g(t, W),

g(t, X) g(t,W)
g(t, X,) g(t,x) g(t,w)

{X3={ x}+{ w}

=55 (4 w)= 55 (4 %)=0
X1
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53 1
1
{x, x,,Mx }
Y= X, =1/n3 ;) X,
{yy v, [y}

_1dp, 13 1l =
E[Y]_HI: @Xi_ﬁ :ng—ﬁlz Xi — lZl kzzlxk—o,

y |
E[(Y-E[YD'T=E[Y']=E[(X- E[X])'],

X |

E[(YWD-g[YD (YD -E[YI])]
:E[y(i)Y(i)]:E[(x(i)_E[x(i)])(X(j)_E[x(j)])] ,

XMy X Y |
X Y
2
2
" 3
3 =CCT C
0
53 2000
54

54

A-14

A-15

A-16
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550156

A-20

2 {xp %o M%)}

A-20 2
2

H
y;= CCH(x,—m)+m,

0
Yi= ccC lxi (Xi_ m)+u,

1 2
55
1 {xg %o, X}
2 y={y,y,y}" y=Cx+u
3 1 2
56 1996 55
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32

X1

X2

X3

X4

X5

X6

X7

X8

X9

X10

X11

X12

X13

X14

X15

X16

X17

X18

X19

X20

X21

X22

X23

X24

X25

X26

X27

X28

X29

X30

X31

X32

X1

0.16]

-0.00

0.09

0.09

0.01

0.03

0.02

0.03

0.03

0.02

0.03

0.04

0.01

0.02

0.04

0.04

0.03

0.04

0.02

0.01

0.01

-0.00

0.01

0.04

0.02

0.05

0.02

0.03

0.04

0.05

0.01

0.02

X2

-0.00

0.22

0.02

0.02

0.01

0.02

0.01
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0.03

0.01

0.01

0.02

0.00

0.02

0.01

0.01

0.02

-0.03

0.02

0.02

0.01

0.00

-0.00

-0.01

0.04

0.03
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0.02

0.02

0.01

0.01

0.03

X3

0.09|

0.02

0.20

0.03

0.02
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0.04
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0.00

0.05

0.04
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0.04

0.05

0.01
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-0.00
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0.02
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0.05

0.00

0.03

0.01

0.02

0.03

0.01

X4

0.09|

0.02

0.03

0.22

0.03

0.05

0.02

0.07

0.02

0.01

0.04

0.02

0.02

0.06

0.05

0.04

0.02]

0.04

0.03

0.11

-0.00

-0.01

0.01

0.03

0.03

0.12

0.01

0.03

0.04

0.04

0.04

0.04

X5

0.01]

0.01

0.02

0.03

0.14

0.04

0.03

0.02

0.03

0.02

0.04

0.06

0.03

0.02

0.03

0.05

0.02

0.00

0.04

0.02

0.00

-0.01

0.01

0.05

0.02

0.03

0.02

0.03

0.02

0.03

0.03

0.01

X6

0.03

0.02

0.01

0.05

0.04

0.28

0.03

0.04

0.03

0.03

0.06

0.03

0.04

0.01

0.05

0.06

0.07

0.01

0.05

0.04

0.02
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-0.01

0.02

0.04

0.06

0.04

0.05

0.04

0.06

0.08

0.04

X7

0.02

0.01

0.00

0.02

0.03

0.03

0.19

0.01
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0.02

0.04

0.03

0.02

0.01

0.04

0.02

0.05

0.03

-0.00

0.04

-0.01

-0.01

0.01

0.02

0.02

0.04

0.02

0.05

0.03

0.03

0.02

0.03

X8

0.03]

0.03

0.04

0.07

0.02

0.04

0.01

0.18

0.03

0.01

0.04

0.03

0.02

0.06

0.04

0.05

0.04

0.05

0.05

0.10

-0.01

-0.00

0.01

0.03

0.04

0.13

0.01

0.02

0.02

0.03

0.06

0.04

X9

0.03]

0.03

0.02

0.02

0.03

0.03

0.03

0.03

0.14

0.02

0.04

0.03

0.03

0.01

0.05

0.05

0.04

0.02

0.03

0.01

0.01

-0.00

0.02

0.03

0.03

0.01

0.04

0.04

0.05

0.06

0.05

0.01

X10

0.02

0.01

0.00

0.01

0.02

0.03

0.02

0.01

0.02

0.05

0.02

0.02

0.02

0.01

0.02

0.05

0.03

0.01

0.02

0.02

0.02

0.00

0.01

0.02
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0.03

0.0 3

0.02
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0.02

X11

0.03]

0.01
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0.04

0.04
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0.04

0.04

0.04

0.02

0.25
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0.02

0.06
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0.05

0.02
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0.04

0.02

0.01

-0.01

0.02

0.04

0.03

0.08

0.03

0.03

0.03

0.04

0.03

0.03

X12

0.04

0.02

0.01

0.02

0.06

0.03

0.03

0.03

0.03

0.02

0.03

0.08

0.02

0.02

0.03

0.04

0.03]

0.02

0.03

0.02

0.00

-0.00

0.00

0.04

0.03

0.04

0.02

0.02

0.02

0.03

0.01
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2 32

X1 33 A 0.20% 0.20%
X 2 90 B 0.60% 0.60%
X 3 83 C 2.00% 2.00%
X 4 13 D 8.00% 8.00%
X5 66 E 15.00% 15.00%
X 6 18 A 0.20%

X7 18 B 0.60%

X 8 28 C 2.00%

X9 29 D 8.00%

X10 72 E 15.00%

X11 84 A 0.20%

X12 75 B 0.60%

X13 24 C 2.00%

X14 13 D 8.00%

X15 22 E 15.00%

X16 78 A 0.20%

X17 74 B 0.60%

X18 28 C 2.00%

X19 70 D 8.00%

X20 16 E 15.00%

xX21 16 A 0.20%

X22 38 B 0.60%

X23 56 C 2.00%

X24 56 D 8.00%

X25 5 E 15.00%

X26 38 A 0.20%

xX27 3 B 0.60%

X28 54 C 2.00%

X29 8 D 8.00%

X30 62 E 15.00%

X31 39 A 0.20%

X32 10 B 0.60%
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